The reproducibility of rectal visceral sensitivity using the barostat double-random staircase method was evaluated. We tested 15 healthy women and 18 women with irritable bowel syndrome twice. Pressure, volume, and tension were measured at first sensation of gas, stool, and discomfort. There was no significant difference between test and retest. Three different indexes were used as measures of reproducibility. The intraclas correlation coefficients, considered to demonstrate acceptable reproducibility when higher than 0.80, ranged from 0.76 to 0.93 in the healthy volunteers and from 0.53 to 0.88 in the patients. The pooled coefficients of variation ranged from 10 to 24% in the healthy volunteers and from 11 to 49% in the patients. The repeatability coefficients are also given. The results indicate that barostat visceral sensitivity measurements in the rectum may be applicable when comparing groups of subjects.
Measurements of visceral sensitivity have provided new information on functional gastrointestinal disorders. The electromechanical barostat seems to be suitable for these purposes. A recent report claims that rectal barostat testing is useful to confirm the diagnosis of irritable bowel syndrome (IBS) and to discriminate IBS from other causes of abdominal pain (1) . Visceral hypersensitivity has been documented in IBS patients (1) (2) (3) (4) , and it has been proposed as a biological marker of IBS on a group level (2) .
All but one (5) of the validation studies designed to date indicate clinically acceptable reproducibility for both barostat (2, (6) (7) (8) (9) (10) (11) (12) (13) and nonbarostat visceral sensitivity testing in the lower gastrointestinal tract (14) (15) (16) (17) (18) .
Nevertheless, in the rectum data are available only for the ascending method of limits and the tracking procedure (19) , while such data do not exist for the double-random staircase method. It is therefore clearly indicated to establish the reproducibility (20) of the latter technique. Several methods for measuring reproducibility are available (21) , e.g., the intraclass correlation coefficient (ICC), the pooled coefficient of variation (CV p ), and a repeatability coefficient (RC). These coefficients measure different aspects of reproducibility, and for one of them (ICC) a limit of acceptable reproducibility is given.
The purpose of the present study was to assess the reproducibility of rectal visceral sensitivity using the barostat double-random staircase method, applying several reproducibility techniques. had no history or symptoms of somatic or psychiatric disease. Eighteen women suffering from IBS according to the Rome criteria I (22) were also included. They were aged 24-49 years (mean, 36.3 years) and were recruited by announcement in the local newspaper or referred by a family physician. Fifteen of them received placebo in a doubled-blinded clinical study. This study was performed at two Norwegian hospitals, one of them a university hospital, and the results will be published elsewhere.
MATERIALS AND METHODS

Subject
All drugs potentially affecting gastrointestinal motility or sensitivity were discontinued at least 1 week before the barostat studies. Both healthy volunteers and patients with IBS were naive to barostat testing. The study was approved by our regional ethics committee (Ethics Committee in Health Region 2 of Norway) and performed according to the Declaration of Helsinki.
Volume-Displacement Device and Anal Manometry. A computer-driven barostat (Synectics Visceral Stimulator; Synectics, Stockholm, Sweden) was used to inflate a rectal balloon. The balloon was an 8-cm-long cylindrical plastic bag, infinitely compliant when intrabag volumes were below 500 ml and tightly fixed at both ends to a multilumen catheter. One lumen was used for inflation of the bag with air (38 ml/sec) and another was used to measure the pressure within the bag. Three lumens were perfused with saline in order to monitor the anal pressure and were connected to external pressure transducers and a Synectics polygraph. The manometric ports were located 4, 4.5, and 5 cm distal to the caudal end of the barostat bag.
Rectal barostat pressure and volume and anal manometry were continuously registered, and the sampling rate for the barostatmanometry assembly was 32 per second. The lubricated balloon was inserted into the rectum via an anoscope so that the salineperfused manometry system monitored the pressure in the anal high-pressure zone. The tube was secured in its proper position with tape. To rule out any leak the barostat bag was inflated before use and tested in water.
Experimental Protocol. All experiments were carried out following a minimum 6-hr fast and following the application of one Klyx enema (120 ml; Ferring A/S, Kbh). The subjects were placed in the left lateral position in a bed. The examiner was always present, and the information given was standardized in a written protocol.
Every experiment started with unfolding the balloon to a volume of 200 ml or until the participants reported discomfort.
Visceral sensitivity was assessed using a double-random staircase. This technique consisted of a computer-controlled random application of two identical series of distension stimuli ( Figure 1 ). The pressure increment was 1 mm Hg in the healthy volunteers and 4 mm Hg in the patients. Each pressure increment lasted 20 sec, and the pressure within the rectal balloon was then lowered to a baseline pressure. The patients' protocol was shorter because we learned from the healthy volunteers that their protocol was too time-consuming. The subjects were asked to report the first feeling of gas and stool and to press a button (after a signal 5 sec before the end of the step) when discomfort was experienced. At the discomfort level the subjects rated the intensity of this feeling on a 100-mm visual analogue scale (VAS) ranging from no discomfort (0 mm) to maximal imaginable pain (100 mm). The procedure was stopped when the subjects had reported discomfort three times.
All healthy volunteers and three of the patients were retested after 2 days. The remaining 15 patients, all receiving placebo, were retested at the end of the Placebo period (3 months).
Data Analysis. Thresholds for perception are expressed as the target pressure as well as the volume and tension at the end of the stimulus. The discomfort threshold is defined as the average of the first three steps on which the subject gave a positive response. The intensity of the discomfort sensation is reported as the mean VAS value. Wall tension was estimated by assuming that the distended bag had a cylindrical shape within the bowel according to previous observations (6, 23) . Tension in the rectal wall was calculated using Laplace's law applied to a cylinder (6) .
Statistical Evaluation. For comparison of means, paired Student's t test was used, with a 5% significance level. The following three indexes were used as measures of reproducibility: the intraclass correlation coefficient (ICC), the pooled coefficient of variation (CV p ), and a repeatability coefficient (RC).
The ICC (24) was calculated using the equation
in which BMS is between-mean square variation and WMS is within-mean square variation. ICC is considered to demonstrate acceptable reproducibility (for group comparisons) if it is higher than 0.80 and ideal reproducibility if it is higher than 0.90 (25) . Pooled CVs (percentage) for a group of observations (26) were calculated using the equation
in which d is the difference between two results obtained from one participant, n is the number of subject, and x is the mean of the results obtained from all the participants. The RC (21, 27 ) is defined as RC = 2 · 2s 2 w = 2.83s w in which s w is the within-subject standard deviation, the common standard deviation of repeated measurements. It was calculated using one-way analysis of variance. The difference between two measurements for the same subject will thus be less than the RC for approximately 95% of the subjects. Plots of the difference between test and retest versus the mean of test and retest ("Bland-Altman plots") were constructed according to published recommendations (28) . Approximately 95% of the differences between test and retest will lie between the "limits of agreement" (mean ± 2 SD of the differences) on the Bland-Altman plot.
The software package SPSS Statistics version 11 (SPSS International BV, Chicago, IL) was used for statistical analyses.
RESULTS
The number of participants with complete examinations was 28. Data are missing for five individuals; two healthy women did not complete the retest owing to lack of motivation and one placebo-treated patient did not complete the visceral sensitivity testing because of abdominal pain. In addition, one healthy volunteer and one placebo-treated patient were excluded from the analyses because of technical problems. Barostat double-random staircase procedure for testing sensory thresholds. There were two identical sequences of distension stimuli (staircases A and B). On each staircase the pressure was progressively increased using phasic distension. The bag pressure was increased after each distension on which the subject reported no discomfort and decreased after each distension on which the subject reported discomfort. Pressures on which the hypothetical subject discomfort are marked by arrows. The computer alternated randomly between the two staircases. The resulting sequence of stimuli (staircase C) was then unpredictable to the subject. We stopped the procedure when the subject had reported discomfort three times, and the discomfort threshold was defined as the average of these three pressures, volumes, or tensions.
Continuous anal manometry (data not shown) secured an unchanged position of the catheters throughout the examinations.
The results of the visceral sensitivity test and the RCs are presented in Table 1 . Some of the IBS patients did not report gas or stool. No significant differences were found between the two test sessions, except for the VAS score in both groups at the discomfort threshold, which was significantly lower on day 1. The 13 placebo-treated IBS patients were also analyzed separately, and there were no significant differences between test and retest, except for the VAS score at the discomfort threshold (data not shown).
The ICCs ranged from 0.76 to 0.93 in the healthy volunteers and from 0.53 to 0.88 in the IBS patients ( Table 2 ). The CV p ranged from 10 to 24% in the healthy volunteers and from 11 to 49% in the IBS patients (Table 2) . For the gas and stool thresholds the ICCs were higher and the CV p and RC values were lower for the healthy volunteers than for the patients. Thus the reproducibility of these thresholds for the healthy volunteers appeared to be better than for the patients. However, the reproducibility of the discomfort threshold seemed to be the same for both groups, and in the patient group the reproducibility was better for the discomfort threshold than for the gas and stool thresholds. Note. Values for test and retest are mean ± SD. *Only 11 patients gave a response at the first feeling of gas, and only 14 IBS patients at the first feeling of stool. †Only 9 healthy volunteers and 14 IBS patients reported VAS. ‡P < 0,05; test vs. retest.
Plots of the difference between test and retest versus the mean of test and retest were constructed. We did not find any obvious relation between the difference and the mean for any of the thresholds. We give four examples of these plots in Figure 2 .
DISCUSSION
The barostat double-random staircase method is one of several techniques used to assess visceral sensitivity in the rectum, but the reproducibility is not evaluated. In our study the intraclass correlation coefficients (ICCs) indicate that the reproducibility (for group comparisons) was acceptable for all measured thresholds except for the discomfort pressure threshold in healthy volunteers. In the IBS patients the ICCs were acceptable for the discomfort volume and tension thresholds. The pooled coefficients of variation (CV p ) in our study are in agreement with those reported by Hammer et al. (6) but higher than those reported by Varma et al. (14) . They are also similar to the CVs reported in a gastric barostat study using the doublerandom staircase technique (29) . The repeatability coefficients (RCs) and the Bland-Altman plots in our study demonstrate that the within-patient variation of barostat measurements is relatively high. If the difference between two measurements lies between "the limits of agreement" or is below the RC, it is uncertain if this difference is real or is caused by measurement error. For example, the RC was 14 mm Hg for the discomfort pressure threshold in healthy subjects. Thus, if the discomfort threshold in a healthy volunteer is 30 mm Hg, another measured threshold has to be above 44 or below 16 mm Hg, if we are to be sure that the two measurements are different.
The volume thresholds tended to be higher in the healthy volunteers than in the IBS patients. This probably reflects that the rectum adapted to larger volumes in the longer protocol used for the healthy volunteers.
As the sequence of stimuli is unpredictable in the double-random staircase technique, we may expect less reproducible results compared to the ascending method of limits. In fact, in a gastric study such a tendency was found (29) , but another study claimed that the distension method did not influence the results (30) . Several other sources may also impair agreement between test and retest, for example, the lack of a "conditioning" distension (6), the length of the interstimulus intervals (19) , the subject's psychological state (31), the body position (32) , the phase of the menstruation cycle (33) , and the time of day (34) .
The clinical placebo response rate in randomized controlled trials in patients with IBS varies from 20 to 70% (35) . However, it is uncertain if the visceral sensitivity measured by a rectal barostat correlates with the clinical symptoms. In one study (2) there was a significant correlation between retrospective reports of change in the severity of abdominal pain or discomfort and change in threshold for discomfort. On the other hand, a recent report shows improvement in clinical symptoms of IBS after psychotherapy without modification of visceral sensitivity (36) . Interestingly, we did not find any significant change in perception thresholds between test and retest in the placebo-treated IBS patients.
To our knowledge, this is the first study evaluating the reproducibility of measurements in the rectum using the barostat double-random staircase technique. The results demonstrate that visceral sensitivity measurements may be applicable when comparing groups of subjects. However, the relatively large CVs and RCs and the relatively low ICCs indicate that special attention is needed when using the barostat method for individual diagnostic purposes.
